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IDGLQJ FKDQQHO WKURXJK LWHUDWLYH LQIRUPDWLRQ H[FKDQJH EHWZHHQ WKH GHPDSSHU DQG WKH GHFRGHU DW WKH
UHFHLYHU7KLVV\VWHPLQWURGXFHGE\;/LDQG-5LWFH\LQ>@>@LVXVXDOO\UHIHUUHGWRDV%,&0,'
$FFRUGLQJ WR &KL+VLDR <LK¶V UHVXOWV >@ WKH FKRLFH RI WKH V\PERO PDSSLQJ LV WKH FUXFLDO GHVLJQ
SDUDPHWHUWRDFKLHYHDQH[FHOOHQWSHUIRUPDQFHIRU%,&0,',QJHQHUDODV\PEROPDSSLQJLVGHILQHGE\
WKH VLJQDO FRQVWHOODWLRQ DQG WKHELW ODEHOLQJ >@ 6RPHPDSSLQJV IRU%,&0,'ZHUH VWXGLHG LQ >@>@
5HIHUHQFH>@SURSRVHGDGHVLJQFULWHULRQRIWUDQVIHUIXQFWLRQEDVHGRQ%(5SHUIRUPDQFHDQGLQWURGXFHGD
QHZ V\PERO PDSSLQJ FDOOHG WKH PD[LPXP VTXDUHG (XFOLGHDQ ZHLJKW 06(: ,W FDQ DFKLHYH EHWWHU
SHUIRUPDQFH RQO\ DW KLJK 6LJQDO 1RLVH 5DWLR 615 $Q LPSURYHG V\PERO PDSSLQJ FDOOHG &URVV
(TXDOL]DWLRQ36.4XDVL063 &(36. LVSURSRVHG LQ >@ ,W FDQ DFKLHYHEHWWHU%(5SHUIRUPDQFH
WKDQ06(:PDSSLQJDQGWKHRWKHUFRQYHQWLRQDOPDSSLQJVGXHWRODUJHUKDUPRQLFPHDQRIWKHPLQLPXP
VTXDUHG(XFOLGHDQGLVWDQFH+RZHYHULWKDVWKHVPDOOHURIIVHWJDLQZKLFKLVWKHDV\PSWRWLFSHUIRUPDQFH
LPSURYHPHQW WKDQ RWKHU FRQYHQWLRQDO PDSSLQJV 7R \LHOG D EHWWHU RIIVHW JDLQ DQG RXWSHUIRUP WKH
SHUIRUPDQFH RI 06(: PDSSLQJ DQ LPSURYHG V\PERO PDSSLQJ ZKLFK FRPSRVHV RI WZR 436. ZLWK
GLIIHUHQWUDGLXVLVSURSRVHGLQWKLVSDSHU
7KLVSDSHU LVRUJDQL]HGDV IROORZV ,Q VHFWLRQĊZHEULHIO\ UHYLHZ WKHPRGHORI%,&0,'DQG WKH
FULWLFDOLVVXHVRIV\VWHPGHVLJQ,QVHFWLRQċDQLPSURYHGV\PEROPDSSLQJLVSUHVHQWHG7KHQ6HFWLRQČ
VKRZVWKHFRPSDULVRQVRIUHVXOWVDQGSHUIRUPDQFH6HFWLRQčFRQFOXGHVWKHSDSHU
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E\ D ELWE\ELW LQWHUOHDYHU DQG D PHPRU\OHVV PRGXODWRU DV VKRZQ LQ )LJ $W WKH WUDQVPLWWHU WKH
LQIRUPDWLRQVHTXHQFH^XW`LVHQFRGHGE\DFRQYROXWLRQDOHQFRGHU7KHFRGHGELQDU\VHTXHQFH^FW`LVWKHQ
IHGLQWRDELWLQWHUOHDYHUZKLFKQRWRQO\EUHDNWKHVHTXHQWLDOIDGLQJFRUUHODWLRQEXWDOVRLQFUHDVHGLYHUVLW\
RUGHUWRWKHPLQLPXP+DPPLQJGLVWDQFHRIDFRGH
$IWHULQWHUOHDYLQJWKHFRQVHFXWLYHELWVRIWKHLQWHUOHDYHGFRGHGVHTXHQFHDUHJURXSHGWRIRUP9W >YW
YWYW@ZKLFKDUHPDSSHGRQWRVLJQDOVHW χ RIVL]H_ χ _ 0 PWKURXJKWKHRQHWRRQHPDSSLQJ μ ^`
ė χ [ μ WDQGWKHFRUUHVSRQGLQJ36.VLJQDODWWLPHWE\[W

)LJXUH %,&0V\VWHPPRGHO
χμ ∈= WWW [[[ 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IUHTXHQF\QRQVHOHFWLYH5D\OHLJKIDGLQJFKDQQHOZLWKFRKHUHQWGHWHFWLRQWKHUHFHLYHGGLVFUHWHWLPHVLJQDO
FDQEHH[SUHVVHGDV
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$WWKHLQLWLDOGHPRGXODWLRQWKHSULRULSUREDELOLW\3[WLVXQDYDLODEOH7KHUHIRUHDQHTXDODVVXPSWLRQLV
PDGH DQG  LV XVHG DV WKH LQSXW RI WKH 6,62 GHFRGHU ZKLFK WKHQ%,&0,' V\VWHPPRGHO JHQHUDWHV
SRVWHULRULSUREDELOLWLHVIRUERWKLQIRUPDWLRQDQGFRGHGELWV+HUHZHGHQRWH3T,DVWKHSULRULSUREDELOLW\
IRUDYDULDEOHT3T2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XW, LVQHYHUDYDLODEOHWKHUHDVRQLVWKDWLW
UHTXLUHVNQRZOHGJHRIWKHLQIRUPDWLRQVHTXHQFHDWWKHUHFHLYHU
2Q WKH VHFRQGSDVV3FWL2SXWRXWE\ WKH6,62PRGXOH LV LQWHUOHDYHGDQG IHHGEDFNDV WKHDSULRUL
SUREDELOLWLHV3YWL, WR WKH GHPRGXODWRU 7KH H[WULQVLF SRVWHULRUL SUREDELOLWLHV3FWL2 WKH RXWSXW RI WKH
6,62PRGXOHDUHLQWHUOHDYHGDQGIHGEDFNDVWKHSULRULSUREDELOLWLHVWRWKHGHPRGXODWRU7KHUHIRUHSULRUL
SUREDELOLWLHV3YWL,IRUFDQEHFDOFXODWHGIRUHDFK χ∈W[ E\
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VKRZVWKDWZKHQUHFDOFXODWLQJWKHELWPHWULFVIRURQHELWZH
RQO\QHHGWKHSULRULSUREDELOLWLHV3YWL,RIWKHRWKHUELWVRQWKHVDPHFKDQQHOV\PEROYW7KHUHJHQHUDWHG
ELWPHWULFVDUHSXWLQWRWKHGHFRGHUDQGZHLWHUDWHGHPRGXODWLRQDQGGHFRGLQJ7KHILQDOGHFRGHGRXWSXWV
DIWHUWKHODVWSDVVDUHWKHKDUGGHFLVLRQVEDVHGRQWKHH[WULQVLFELWSUREDELOLWLHV3XWL2
6LJQDOODEHOLQJ
'LIIHUHQW VLJQDO FRQVWHOODWLRQ ODEHOV DUH FULWLFDO IRU RSWLPD]LQJ GLIIHUHQW GHFRGLQJ PHWKRGV 7KH
FRPSDULVRQRIVL[ODEHOVIRU36.LVVKRZQLQ)LJ7KHGHFLVLRQUHJLRQVIRUWKHILUVWELWLQ χ LVVKRZQ
LQWKHVKDGHGDUHDVRQO\VKRZQLQVLGHWKHXQLWFLUFOHZKLOHWKHXQVKDGHGUHJLRQVFRUUHVSRQGWR χ ,WFDQ
EHVHHQWKDWWKHVL[ODEHOLQJPHWKRGVRI*UD\63663PL[HG06(:DQG063KDYHWKHVDPHLQWHUVXEVHW
(XFOLGHDQ GLVWDQFHV EXW GLIIHUHQW QXPEHUV RI QHDUHVW QHLJKERUV RU GLIIHUHQW +DPPLQJ GLVWDQFH RI WKH
ODEHOVIRUQHLJKERULQJFRQVWHOODWLRQSRLQWV
6LJQDO ODEHOLQJKDVDFULWLFDO LQIOXHQFH WRWKHSHUIRUPDQFHRI%,&0,'GHVLJQ7KH LQIOXHQFHFDQEH
TXDQWLILHGE\WKHWZR(XFOLGHDQGLVWDQFHV>@>@8QOLNH$:*1FKDQQHOVWKHUHLVQRGRPLQDWLQJWHUPLQ
WKH SHUIRUPDQFH ERXQG IRU WKH5D\OHLJK FKDQQHO 7KH DV\PSWRWLF SHUIRUPDQFH RI%,&0RYHU5D\OHLJK
IDGLQJ>@FDQEHDSSUR[LPDWHGE\
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:KHUH3ELVWKHSUREDELOLW\RIELWHUURUG&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KDUPRQLF PHDQ RI WKH PLQLPXP (XFOLGHDQ GLVWDQFH DV VHHQ ZLWK HUURUIUHH IHHGEDFN FDQ VHSDUDWHO\
RSWLPL]HGWKHPLQLWHUDWLYHGHFRGLQJDOJRULWKPZLWKRXWDOWHULQJWKHFRGHGLYHUVLW\
7KHDV\PSWRWLFSHUIRUPDQFHRIWKHHUURUIORRUIRU%,&0,'LVREWDLQHGE\
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L
E[ χχ ∈ FRQWDLQV RQO\ RQH WHUP aa []] = ZKRVH ODEHO KDV WKH
VDPHELQDU\ELWYDOXHVDVWKRVHRI[H[FHSWDWWKHL¶WKELWSRVLWLRQ)URP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GHVLJQDODEHOLQJPDSμ WKDW ][ a− LVODUJHUWKDQ ][ Ö− IRUDOO[LISRVVLEOHLQRUGHUWRDFKLHYHWKH
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a
KG ZKLOH KDYLQJ
VXIILFLHQWO\ODUJHRULJLQDO KG WRPDNHWKHILUVWLWHUDWLRQZRUNZHOO
$ 1HZ0DSSLQJIRU%,&0,'
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ZLWKGLIIHUHQWUDGLXV7KHQHZVLJQDOVHWLV
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(TXDWLRQVKRZVWKDWWKHFRUUHVSRQGLQJWZRSRLQWVRQWKHLQQHUFLUFOHDQGWKHRXWHUFLUFOHKDYHWKH
VDPHSKDVH:KHUHULVWKHUDGLXRIWKHRXWHUFLUFOHDQGULVWKHUDGLXRIWKHLQQHUFLUFOH+HUHU≈ 
U≈ 7KHUDWLREHWZHHQWKHUDGLXVRIWKHRXWHUDQGLQQHUFLUFOHVLVDSSUR[LPDWHWRZKLFKLVODUJHU
WKDQ WKH UDWLR LQ >@7KH QHZ VLJQDO FRQVWHOODWLRQ DQGGHVLJQPDSSLQJGHSLFWV LQ )LJ9LD FRPSXWHU
VLPXODWLRQVLWLVYHUWLILHGWKDWWKHQHZPDSSLQJFRXOGSURYLGHWKHEHWWHUSHUIRUPDQFHWKDQ*UD\63663
PL[HGDQG06(:GXHWRODUJHU aKG 









)LJXUH 7KHLPSURYHGV\PEROPDSSLQJ
3HUIRUPDQFH(YDOXWLRQ
+DUPRQLF0HDQRI0LQLPXP(XFOLGHDQ'LVWDQFH
1XPHULFDO UHVXOWV IURP FDOFXODWLQJ WKH KDUPRQLF PHDQ RI WKH PLQLPXP (XFOLGHDQ GLVWDQFH EHIRUH
IHHGEDFN KG  DQG DIWHU IHHGEDFN
a
KG DUH VKRZQ LQ 7DEOHĉ 7KLV JLYHV D TXLFN FRPSDULVRQ EHWZHHQ
YDULRXV ODEHOLQJ VFKHPHV 7KH KG RI WKH LPSURYHG PDSSLQJ KDV QRW WKH EHVW ILUVW URXQG SHUIRUPDQFH
+RZHYHUDVWKH615LQFUHDVLQJLWSHUIRUPVEHWWHUWKDQ*UD\63663PL[HGDQG06(:PDSSLQJ7KH
JDLQRIWKHLPSURYHGPDSSLQJLVEHWWHUWKDQ&(36.>@ZKLFKLVG%
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
6LPXODWLRQ5HVXOWVDQG$QDO\VLV
,Q RXU VLPXODWLRQV D UDWH VWDWH V\VWHPDWLF FRQYROXWLRQDO 56& FRGH LV DVVXPHG 7KH
SVHXGRUDQGRPELW LQWHUOHDYHUZLWK D OHQJWK RI ELWV LV XVHG/LQHDU0$3 DOJRULWKP LV XVHG IRU WKH
GHFRGLQJRIHDFK56&FRGH)LJFRPSDUHVWKH%(5SHUIRUPDQFHZLWKLWHUDWLRQVHPSOR\LQJ*UD\63
663PL[HG06(:DQGWKHLPSURYHGPDSSLQJ
7KHHIIHFWRIVLJQDOODEHOLQJLVVKRZQLQ)LJ:LWKRXWLWHUDWLYHGHFRGLQJ*UD\ODEHOLQJ\LHOGVWKHEHVW
SHUIRUPDQFH GXH WR WKH ODUJHVW KG DQG 63 ODEHOLQJ LV VXERSWLPL]DWLRQ 7KH FRPSDULVLRQ RI VLPXODWLRQ
UHVXOWVVKRZVWKDWWKHSHUIRUPDQFHRIQHZPDSSLQJLVEHWWHUWKDQRWKHUODEHOLQJXQGHUKLJK(E1DOWKRXJK
*UD\DQG63ODEHOLQJRXWSHUIRUP

)LJXUH 6KRZVJUDSKVRI%(5DJDLQVW(E1IRUVL[ODEHOLQJPHWKRGV*UD\63663PL[HG06(:DQGLPSURYHGPDSSLQJ
7$%/(, +$5021,&0($12)7+(0,1,080648$5('(8&/,'($1',67$1&('+%()25($1'$)7(5)(('%$&.$1'7+(
'+
$6<03727,&*$,129(56,;/$%(/,1*6
/DEHOLQJ GKEHIRUH GKDIWHU *DLQG%
*UD\   
63   
663   
PL[HG   
06(:   
,PSURYHG
PDSSLQJ   
WKHQHZPDSSLQJDW ORZ(E1 :KHQWKH%(5LVEHORZ663PDSSLQJDFKLHYHVDW OHDVWPRUH WKDQ
G%WKDQWKHFRQYHQWLRQDOV\PEROPDSSLQJV$QGWKHQWKHLPSURYHGVFKHPHFDQ\LHOGG%FRGHJDLQV
RYHU5D\OHLJKIDGLQJFKDQQHOFRPSDUHGZLWK663PDSSLQJ
&RQFOXWLRQ
,Q WKLV SDSHU ZH KDYH SURSRVHG DQ LPSURYHG V\PERO PDSSLQJ ZKLFK FRPELQHV WZR 436. ZLWK
GLIIHUHQWUDGLXVIRU%,&0,'DQGGHPRQVWUDWHGWKDWLWVLJQLILFDQWO\RXWSHUIRUPVFRQYHQWLRQDOPDSSLQJVDW
KLJK6157KHLPSURYLQJSHUIRUPDQFHKDVLOOXVWUDWHGE\WKHRUHWLFDODQDO\VLVDQGFRPSXWHUVLPXODWLRQ7KH
LPSURYHG PDSSLQJ FDQ DFKLHYH PRUH WKDQ G% FRGH JDLQV FRPSDUHG ZLWK &(36. )XUWKHUPRUH
VLPXODWLRQ UHVXOWV VKRZ WKDW WKHQHZPDSSLQJFDQREWDLQPRUH WKDQG%FRGHJDLQVZKHQ WKH%(5LV
EHORZFRPSDUHGZLWKWKHFRQYHQWLRQDOPDSSLQJVDWKLJK615RYHU5D\OHLJKFKDQQHO
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